To understand the function and membrane origin of ionophore-stimulated ATPases, the activity of nigericin-stimulated ATPase was characterized from a low-density microsomal fraction containing sealed vesicles of Although, membrane-associated ATPases dependent on Mg2" and sensitive to salts are ubiquitously present in higher plant tissues (3, 8-10, 12-15, 22, 25, 29, 30), the functional significance and membrane identity of microsomal ATPases are unclear. The ATP-hydrolyzing enzymes are interesting because of their possible role in active H+ or ion transport (9, 20, 23). Recent in vitro studies support this idea (6, 7, 21, 26, 28) . However, only a few of the ATPases can be identified by their specific properties.
1.14-1.17 g/cc) is well characterized. The K+-stimulated, Mg2+-requiring ATPase (Mg2+,K+-ATPase) is sensitive to DCCD,3 DES (1) , and vanadate, but insensitive to oligomycin (9, 14, 22) . The enzyme has a pH optimum of 6.5 and is specifically stimulated by alkali-cations (29) but not anions (14, 22) . However, NO3-inhibited the plasma membrane ATPase from oat roots (14) but not corn leaves (22) . The K+-stimulated ATPase has a Km value for Mg-ATP of 0.38 (14) or 0.28 mm (22) in oat or corn leaves, respectively.
The type and identity of microsomal ATPases associated with membranes ofdensities 1.09 and 1.13 g/cc are not well understood. Plasma membranes from oat roots or pea epicotyl are also found at a density near 1.13 g/cc (3, 8) . This fraction showed two ATPase activities: a pH 8.5 ATPase sensitive to anions (3, 8) and a pH 6.5 ATPase sensitive to cations (3) . Isolated vacuolar membranes also have a salt-stimulated Mg,ATPase (e.g. 12, 15, 30, and references therein), which appear similar to the plasma membrane ATPase. A potential characteristic to distinguish membranes of tonoplast from plasma membrane or mitochondria is the insensitivity of tonoplast ATPase to vanadate and oligomycin or azide (30) . However, it is not clear whether microsomal membranes include tonoplast as well as other nonmitochondrial membranes.
A Mg2+-requiring, KCI-stimulated ATPase activity that is specifically stimulated by H+ and K+ ionophores was recently found in a low-density microsomal fraction of tobacco callus (27) and oat roots (4) similar to the findings made by Rungie and Wiskich (25) . The results suggest that the enzyme is involved in H+ or K+ transport or both and that the ATPase is regulated by a chemical or electrical potential or both. This conclusion is supported by the finding that the enzyme (referred to as a nigericin-stimulated ATPase) is an electrogenic pump, probably transporting H+ (28) .
To understand the function and to determine the membrane identity of nigericin-stimulated ATPase, I have conducted a more detailed characterization of the ionophore-stimulated ATPase from autonomous tobacco tissue callus. In this paper, I have initially treated ATP hydrolysis stimulated by nigericin as an activity catalyzed by one type of enzyme. However, the possibility of several classes of ionophore-stimulated ATPases is considered since the low-density microsomal fraction contains several membrane types. Inasmuch as preparations of one membrane type are difficult to obtain, the properties of enzyme activities might serve as a sensitive indicator of the types of ionophore-stimulated ATPases (27) .
ATPase Assay. ATPase activity was determined by measuring the release of Pi (10, 27) (Table III) . The ionophore, which can increase conductance to NH4' (24), slightly stimulated ATPase activity.
ATPase activity showed distinct sensitivity to anions as presented in a preliminary report (5) . At pH 6.7, Mg-dependent ATPase activity was stimulated by anions with a decreasing selectivity order of Cl-= acetate-> s042-> benzene sulfonate-> N03-both in the presence or absence of nigericin (Table IV) . Similar results were seen with gramicidin. Gramicidin-stimulated ATPase activity was 55% higher in the presence of KCI than K2SO4. At pH 8.5, the Mg-ATPase activity was inhibited by N03-and slightly stimulated by other anions.
These results could be caused, in part, by dissipation of electrochemical gradients or a direct effect on the enzyme by specific cations or anions or both as explained in "Discussion." Since sensitivity to both cations and anions were observed, the ATPase is referred to as a Mg, salt-stimulated ATPase (27) . K2SO4 activated the ATPase activity with an apparent K. of 7.2 and 7.7 mm in the absence and presence of nigericin (Fig. 3) .
Thus, the apparent Ka of K+ alone for both KCI-and K2SO4-activated Mg,ATPase activities were similar. These results support the idea that the salt-stimulated ATP hydrolysis in the presence or absence of nigericin is catalyzed by the same enzyme(s). Furthermore, the similarity of the kinetics of K+ activation indicate that the ATPase is sensitive to cations. Inhibitors. KCl-Mg,ATPase activity from the sealed microsomal vesicles in the presence of nigericin is sensitive to DCCD, DES, and vanadate but not to oligomycin and azide (Table V) . Fusicoccin, which stimulates H+ extrusion in intact cells (20) , had no detectable effect on ATPase activity in the absence or presence of nigericin.
KCl-Mg,ATPase activities were inhibited by increasing concentrations of DCCD (a possible proton-channel blocker) (17) (Fig.  4) Both Mg-independent and Mg-dependent ATP hydrolysis were partially sensitive to vanadate (Fig. 5a) (Capital letters refer to conditions described in Table I ).
suggest that KCI might alter the sensitivity of the enzyme to vanadate or that KCl-stimulated Mg-dependent ATP hydrolysis and most of the Mg-dependent ATP hydrolysis were catalyzed by two different enzymes. Whatever the reason might be, approx. 40%o of the total KCl-Mg,ATPase activity in the absence of nigericin and 70%o of the nigericin-dependent KCl-Mg,ATPase activity was vanadate insensitive (Fig. 5c) . The possibility of two KCIstimulated Mg,ATPases, one vanadate sensitive and one vanadate insensitive, could be better understood after separation and purification of the membrane-associated enzyme(s).
DIDS, recently shown to be a specific anion transport inhibitor in corn protoplasts (16), was not a specific ATPase inhibitor. ATPase activity of the mitochondria (data from oat roots are not shown) and sealed microsomal vesicles were inhibited (Table V) . This finding is not surprising. Besides inhibiting the amino-groups of amino acids involved in anion transport, DIDS may have access in isolated membranes to other amino-groups required for ATPase activity. These results, nevertheless, could also suggest that ATPase activity depends on the rate of anion transport. Tributyltin, which inhibits ATP synthetase systems and can exchange C1-for OH- (17) , inhibited ATPase activity in the absence or presence of KCI (Table V) .
DISCUSSION
ATPase activity stimulated by nigericin, gramicidin, or CCCP in combination with valinomycin, was interpreted as evidence that the ATPase of sealed microsomal vesicles mediated a H+/K+ exchange transport (27) , but the results provide no information about how H+, K+, or anions move and which membranes have ion-pumping ATPases (27, 28) . This study attempts to clarify some of these questions and to relate the ionophore-stimulated ATPase to other well-studied ATPases. In vitro studies showing ATP-dependent generation of an electrical potential (inside positive) (28) and a pH gradient (inside acid) (6, 7, 21, 26, 28) would suggest that the ionophore-stimulated ATPase(s) are H+-pumping ATPase(s). However, the possibility that other ions (including cation, anion, or both) are also translocated by ATPases cannot be excluded yet. Thus, the term 'nigericin-stimulated ATPase' (or ionophore-stimulated ATPase) will be broadly used to include H+ and ion-pumping ATPases.
Similarity of Nigencin-Stimulated ATPase and Mg, KCI-ATPase. The findings in this and previous papers show that the nigericin-stimulated ATPase activity and the KCl-Mg,ATPase activity associated with nonmitochondrial membranes were catalyzed by the same or similar enzymes. The following properties of KCl-Mg, ATPase in the presence or absence of nigericin would support this idea: (a) cell fractionation studies show that the distribution of total activities of both enzyme activities in various subcellular fractions was similar (27) . (b) Both enzyme activities required Mg2' and ATP (Table II) . (c) The pH optimum of both enzyme activities was approx. 6.5 to 7.0 (Fig. 1) Table   V ).
The plasma membrane ATPase from several plant tissues (8, 9, 14, 22) have properties similar to the nigericin-stimulated ATPase from tobacco callus. The results would support the conclusion that the ionophore-stimulated enzyme activity is catalyzed, in part, by a KCl-Mg,ATPase of the plasma membrane (27, 28) . However, some properties of the nigericin-stimulated ATPases (anion-sensitivity and partial vanadate insensitivity) would suggest involvement of other enzymes.
Anion and Cation Sensitivity. Cation and anion sensitivities of ATPase (Tables III and IV) (Table III) suggests that H+ is the major ion pumped. ATPdependent pH gradient formation in the vesicles (interior acid) is consistent with this conclusion (6, 7, 21, 26, 28 (Fig. 5) . Plasma membrane Mg2+,K+-ATPase from corn leaves showed similar kinetics of partial inhibition by vanadate (22) . Perlin and Spanswick (22) suggested that a nonspecific phosphatase was vanadate-insensitive, however, nonspecific phosphatases alone could not account for all the inhibitor-insensitive activity (Fig. 5 ). Sze and Churchill (28) (27, 28) . The present study would support this idea. Some of the properties of the ionophore-
